We consider Brans-Dicke scalar-vector-tensor gravity [1, 2] to solve dynamical equations of anisotropic Bianchi I cosmological space time. Methodology of this paper is similar to the work [3] in which we use dynamical system approach to obtain stability nature of obtained metric solutions in ΛCDM, dust and radiation eras. We calculate eigenvalues of Jacobi matrix of the dynamical equations and determine nature of critical points. In the de Sitter era, we use Hubble parameter made from averaged 3-volume of the anisotropic 3-space. We obtain anisotropic metric solutions for ΛCDM era which nature of its critical point is obtained as quasi stable (saddle sink). The latter solution is fixed for particular value of the Brans Dicke (BD) parameter as ω = 0.38 and linear self interaction BD potential V (φ) ∼ φ. In dust era we obtain ω dependent critical point. By setting ansatz ω = 0, ±40000 critical points of dust era take nature as quasi stable (saddle sink) with corresponding potentials V ω=0 (φ) ∼ φ −6.9 , V ω=−40000 (φ) ∼ −φ 6.67×10 5 and V ω=40000 (φ) ∼ φ 0.63 respectively. In radiation era, we obtained general form of the critical points which are depended to the Brans Dicke parameter ω and directional barotropic indexes α + β + γ = 
Introduction
Anisotropic curved space times are studied by more authors in astrophysical and cosmological contexts. The interior of a Schwarzschild black hole may be considered as a homogeneous anisotropic cosmology of the Kantowski-Sachs [4, 5] model (see also [6] ). The Bianchi models in the cosmological context [7] are interested to study anisotropy property of the space times. Classification of them are collected in [8] . The Bianchi models provide generalizations of the standard Friedmann-Lemaitre (FL) models, which are based on the spatially homogeneous and isotropic Robertson-Walker (RW) metrics. Such models are of interest in cosmology in favor of constructing more realistic models than the FLRW models with maximally symmetric spatial geometry. Although the observed universe seems to be almost isotropic on large scales but the early universe could be anisotropic [7] . Experimentally tests of anisotropy property of the universe are studied by going on the analysis and interpretation of the Wilkinson-Microwave Anisotropy Probe (WMAP) date [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Anisotropy property of the space time needs anisotropic stress energy-momentum tensor of matter fields which are not present in the standard FLRW cosmology. One can see [19, 20] for anisotropic vector fields source and [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] for anisotropic cosmological constant or dark energy source. In this work, we consider scalarvector-tensor gravity model [1, 2] which is made from generalization of the well known Jordan-Brans-Dicke scalar tensor gravity [30] by transforming the background metric as g µν → g µν + 2N µ N ν . N µ is dynamical four vector field which can be called as four velocity of a preferred reference frame. Several classical and quantum applications of the model [1, 2] are studied previously for FLRW cosmology (see [31] and references therein). In the present work we study affects of dynamical vector field given by [1,2], on anisotropy property of the cosmological background. We use anisotropic background metric of the Bianchi I model and solve corresponding dynamical field equations via dynamical systems approach. In the latter method we can investigate stable phase of our obtained metric solutions. Organization of the paper is as follows. In section 2, we introduce the scalar-vector-tensor gravity model [1,2] as shortly. In section 3, we use the Bianchi I type of the background metric to obtain exact form of dynamical field equations of the 6D phase space. In the subsections 3.1, 3.2 and 3.3 we investigate ΛCDM, dust and radiation eras of the system. We calculate the corresponding critical points, the Jacobi matrix and their eigenvalues and determined metric solutions finally. Section 4 denotes to concluding remark.
The Model
Let us we take the following scalar-vector-tensor-gravity action [1,2]:
where
is the well known BD scalar tensor action [30] , and
describes action of a dynamical preferred reference frame. Unit time like dynamical four velocity of preferred reference frame is N µ (x ν ). Up to additional ζ(x µ ) term the action (2.3) is obtained from (2.2) by setting V (φ) = 0 and transforming the background metric as g µν → g µν + 2N µ N ν . Detail of calculations is given at ref. [1] . Matter and radiation counterparts of a perfect fluid source are considered respectively as
where L m is the matter lagrangian density and
where L r is the radiation lagrangian density. T µν is the matter-radiation stress energy-momentum tensor and is given against the corresponding Lagrangian density as follows.
which from point of view of comoving frame can be written as follows.
where ρ and p x,y,z are matter density and hydrostatic pressures in spatial directions of x, y, z respectively. The action (2.3) shows that the vector field N µ is coupled as non-minimally with the BD scalar field φ. The action (2.1) is written in units c = = 1 with Lorentzian signature (-,+,+,+). The undetermined Lagrange multiplier ζ(x ν ) controls N µ to be as unit time-like vector field. φ describes inverse of variable Newton's gravitational coupling parameter and its dimension is (lenght) −2 in units c = = 1. Absolute value of determinant of the metric g µν is defined by g. Present limits of dimensionless BD parameter ω based on time-delay experiments [31] [32] [33] [34] requires ω ≥ 4 × 10 4 . General relativistic approach of the BD gravity action (2.2) is obtained by setting V (φ) = 0 and ω → ∞. Varying (2.1) with respect to ζ(x ν ), φ, N µ and g µν we obtain corresponding dynamical equations respectively as follows.
and
We now set the above dynamical equations for Bianchi anisotropic cosmological models as follows.
Bianchi I cosmology
Anisotropic dynamical flat universe is defined by the Bianchi I metric which from point of view of free falling (comoving) observer is defined by the following line element.
where x, y, z are cartesian coordinates of the comoving observer. Using (3.1) the time like condition of vector field given by (2.9) reads
where N µ = 1(= 0) for µ = t( = t). Applying (3.1) and (3.2) and assumption φ = φ(t) one can show that the dynamical equations (2.10), (2.11) and (2.12) lead to the following forms respectively.
where over-dot denotes to time derivative of the fields as˙≡
. Also we need covariant conservation equation of the matter-radiation stress tensor (2.8) defined by ∇ µ T µ ν = 0 which by inserting (3.1) and some simple calculations readsρ
To obtain anisotropic cosmic dynamical system phase space we must be change the above dynamical field equations against some dimensionless variables and time derivative against e-folding parameter τ = ln(a/a i ). In the latter relation
is ratio of scale factor of spatial part of space time with respect to its initial value a i (see [3] for more dissections). We define a spatial 3-volume element as V (t) = 4π 3 ABC for anisotropic metric (3.1). If it is equal to a 3-volume element defined in isotropic FRW universe as
3 then we can define Hubble parameter H =˙a a of our anisotropic Universe (3.1) as follows.
Also we need following dimensionless variables to define phase space of our anisotropic Universe.
where we defined
and in radiation era where radiation pressure is p r = p x + p y + p z and so for our used model one infer
By inserting (3.13) and (3.14), the equation (3.10) reads 
The equations (3.3) and (3.24) show that the quantities (w, s) will be fixed by determining other fields m, x, y, z, u, v. 
Thus we must be first study stability of the obtained solutions. To do so we should determine sign of eigenvalues of the corresponding Jacobi matrix. If all 6 eigenvalues take negative real values then the system will be maintain as stable. Even if they become complex numbers but with negative real values then the system will be stable (spiral sink), but if at least one of them become positive then the system will be saddle (quasi stable)(see figure 1) . If all eigenvalues take positive real values then the system become unstable (source). Even if they become complex number but real part of at least one of them to be take positive value then the system will be spiral unstable. Our study here will be partitioned to different ears such as ΛCDM vacuum de Sitter , dust matter and radiation eras respectively as follows.
ΛCDM era
In vacuum ΛCDM de Sitter era we must be use ansatz y = z = 0 because densities of the matter and the radiation take zero value. The Hubble parameter is constant for ΛCDM era which means s = 0 for which the equation (3.24) reads .14) we obtain the following dynamical solutions.
A(t) = A 0 e −11.14Ht
in which H is the Hubble constant and should be fixed via experimental date as H ≈ 10 −10 (year) −1 . We are now in position to determine stability of the above critical solution (critical point in phase space). To do so we must be investigate sign of eigenvalues of Jacobi matrix of the dynamical equations (3.29)-(3.32). In general the Jacobi matrix of set of first order nonlinear differential equations x 
Dust era
Radiation density vanishes but not matter density for dust era which means y = 0, z = 0. Inserting z = 0 the equation (3.27) satisfies z ′ = 0 trivially but (3.26) reads Inserting z = 0 and (3.42) the dynamical equations defined by (3.18)-(3.21) lead to the following forms respectively.
Hence we use ansatz ω = 0 and ω = ±40000 to obtain numerical values of the critical point (3.49) as Applying (3.50)-(3.55) and solving the equations (3.12), (3.13) and (3.14) we obtain critical solutions as follows.
(3.57) and
(3.58) where positivity condition for φ 0 > 0 is physical condition because it describes inverse of the Newton coupling parameter at particular initial time t 0 (see [30] ). We see that the above dust solution for ω = −40000 leads to a time dependent matter density with negative values for all times. Hence one infers that the solution (3.58) is not physical solution. Thus we study stability nature of the two former solutions given by (3.56) and (3.57) in what follows. To do so we should determine eigenvalues of the Jacobi matrix (3.37) of the critical points (3.50) and (3.51) as follows. We now proceed to obtain dynamical solutions of our system for radiation era.
Radiation era
When the system takes dominance of the radiation era, then z = 0 and the matter density vanishes y = 0 for which the equation (3.26) reads to y ′ = 0 trivially. Using (3.27) and z = 0 the condition z ′ = 0 reduces to the following constraint condition. and β = − . In the latter case radiation era critical points become 941.27, -1.47, -11.36, -397. 20 saddle Table. 1 Numerical values of eignevalues for ΛCDM, dust and radiations eras
Concluding remark
We used the Brans Dicke scalar vector tensor gravity [1,2] to study anisotropic Bianchi I cosmology. We solved metric field equation via dynamical system approach. By calculating critical points and eigenvalues of Jacobi matrix of the dynamical equations of 4D phase space we obtained parametric form of the critical points for ΛCDM, dust and radiation eras. Nature of the obtained critical points is obtained as saddle for particular values of the Brans Dick parameter. In the latter case the dynamical vector field together with the Brans Dicke scalar field behave as mixture fluid containing two components: One of them is visible matter with positive directional barotropic index and the other one is invisible dark matter with negative value for directional brotropic index.
